Summary. HeLa and BHK-21 cells, which are not related immunologically to fowl cells, were cultured and the effects of these cells on the survival and fertilizing ability of fowl spermatozoa were investigated. When spermatozoa were incubated at 41\s=deg\C with these cells, sperm motility was maintained for 5\p=n-\6 days. Fertilizing ability was also retained after incubation at 41\s=deg\Cfor 2 days. Cultured cells also contributed to the maintenance of motility of bull and ram, but not boar, spermatozoa.
Introduction
Temperature has long been known to exert a strong influence on the motility, survival and fertilizing ability of spermatozoa (Mann, 1964) . Rabbit spermatozoa soon lose their motility at 45°C, although they are capable of surviving for several hours in vitro at 40°C (Walton, 1930) . In domestic fowl, fertilizing ability of spermatozoa stored in Ringer's solution at 41°C, the normal body temperature, is also lost within a few hours (Schindler, Weinstein, Moses & Gabriel, 1955) .
However, fowl spermatozoa incubated at 41°C with cells from the fowl oviduct, fowl kidney, the'skeletal muscle of a 9-day chick embryo remained motile for 5-7 days and fertilizable for 2^4 days (Ashizawa, Nishiyama & Nagae, 1976; Ashizawa & Nishiyama, 1977; Fujihara & Howarth, 1980) . These results indicated that the use of cultured cells is effective for prolonging sperm survival, and suggest that this effect may be observed with many other sources of cultured cells.
In the present study, we investigated the effectiveness of different cells such as HeLa cells (Gey, Coffman & Kubicek, 1952 (1976) . On the 3rd day of culture, the culture medium (1 ml) was changed and spermatozoa were added to reach a sperm concentration of 2-0 lOVml. The spermatozoa had been collected as aseptically as possible from several roosters by the method of Fujihara, Tanaka & Nishiyama (1973) and washed once with culture medium by centrifuging the suspension at 500 g for 10 min. The spermatozoa and cells were incubated as described above for the culture of cells alone.
Spermatozoa incubated in culture medium free of their cells were used as control 2. After addition of semen, sperm motility was assessed at room temperature (20-25°C) every day during the incubation period at 41°C. The evaluation of motility was carried out by observing spermatozoa from several areas (usually 4 or 5) of the Petri dish directly from above using an inverted microscope, and their motility was scored on a 0 to 5 scale (Wheeler & Andrews, 1943) . The mean percentage of morphologically abnormal spermatozoa was determined on the 2nd and 4th day of incubation (see Ashizawa et al, 1976) . Fertilizing ability was examined using the fowl spermatozoa incubated with cultured cells or in the cell-free medium for 2 days. To test for sperm fertilizing ability [1] [2] 108 spermatozoa in about 0-6 ml culture medium were inseminated into the shell gland of a pullet's oviduct by the method of Bobr, Lake, Lorenz, Ogasawara & Krzanowska (1965) . From 2 days after insemination, any eggs laid were collected, incubated and examined on the 4th day of incubation for fertility. The duration of fertility was also determined.
Bull, ram and boar spermatozoa. The HeLa and BHK-21 cells were cultured as described above. Kanamycin sulphate (60 µg/ml), penicillin G potassium (100 units/ml), streptomycin sulphate (100 pg/ml) and tetracycline hydrochloride (50 pg/ml) were routinely added to the medium. Mammalian spermatozoa (bull, ram air. Spermatozoa incubated in cell-free medium were used as controls. Sperm motility was assessed at room temperature (20-25°C) every 3 h (mammalian spermatozoa) or 24 h (fowl spermatozoa) by the method described above for the evaluation of fowl sperm motility, and duration of the maintenance of motility of spermatozoa was determined. Observation of boar sperm motility was carried out after shaking of the Petri dish for 5-10 min because the spermatozoa were immotile.
Results

Fowl spermatozoa
The changes of sperm motility in the various incubation experiments are shown in Table 1 . Fowl spermatozoa in the cell-free medium (control 2) lost their motility rapidly, while those incubated with cells of any source maintained their motility for 5-6 days and there were almost no differences in the effects of the 3 types of cultured cells. The numbers of morphologically abnormal spermatozoa were also lower in the incubation experiment with cultured cells than in control 2 and the differences between them were significant (P < 0-01) ( Table 2) . Epithelial cells of fowl oviduct (control 1)
12-6 ± 0-6a 33-7 ± 1 -Ie None (control 2)
88-5 ± l-5b 90-6 ± 2-2d
Within columns, values with different superscripts differ significantly (P < 001) from each other.
The fowl spermatozoa incubated for 2 days at 41°C in cell-free medium had no fertilizing ability. In contrast, spermatozoa incubated with the cultured cells were highly fertile as judged by the number offertile eggs laid during the 1st and 2nd week after insemination (Table 3) . Fowl oviducal cells, and HeLa and BHK-21 cells exerted similar favourable effects on the maintenance of the fertilizing ability of spermatozoa. (Ashizawa & Nishiyama, 1978; Fujihara & Howarth, 1980) . However, the nature of such a substance (s) is not yet understood.
